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ABSTRACT  (S) 

Three  projectile.  Atomic,  279~™i;  Practice,  Spotting,  XM390,  Composition 
B  loaded  were  freigmented  to  evaluate  fragmentation  characteristics.  The  test 
results  indicate  that  the  projectile  produced  an  average  of  69,137  steel 
fragments  with  an  average  weight  of  2.7^  grains,  and  an  average  of  15,191 
aluminian  fragments  with  an  average  weight  of  3*28  grains,  with  a  mean  velocity 
of  4876  feet  per  second.  Seventy  per  cent  of  the  steel  fragments,  and  sixty- 
six  per  cent  of  the  aluminum  fragments  were  in  the  weight  Interval  of  0  to  1 
grain. 

In  view  of  the  high  percentage  of  small  fragments  (0  to  1  grain)  produced 
by  the  pearlltlc  malleable  iron  warhead,  further  study  should  be  conducted 
regarding  the  use  of  another  explosive  filler.  Since  the  brlsance  of  TNT  is 
less  than  that  of  composition  B,  it  is  recommended  that  this  warhead  be  tested 
using  TNT  as  an  explosive  filler. 
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1.  (U)  INTRODUCTION 


The  Feltman  Research  and  Engineering  Laboratories  of  Plcatinny  Arsenal 
requested  that  complete  fragmentation  data  be  obtained  for  the  Projectile, 
Atomic,  279“onii  Practice,  Spotting,  XM390/  incorporating  warheads  of  pearlitic 
malleable  iron  that  have  undergone  heat-treatment  conditions  to  have  a  ^0,000 
psi  minimum  yield. 


2.  (S)  DESCRIPTION  OF  MATERIEL 


The  Projectile,  Atomic,  279“™,  Practice,  Spotting,  XM390,  consists  of 
the  following  components: 

a.  Body  -  A  thin-walled  shell,  14.84  inches  long  and  varying  from  11.03 
inches  to  4.70  inches  in  diameter  by  following  a  100-inch  radius 
curve,  and  machined  from  75ST6  aliuninum  forging  (DWG  AA-44-931, 
Reference  1). 

b.  Antenna  -  A  dummy  antenna  for  training,  aerodynamics,  and  moment¬ 
matching  purposes;  machined  from  steel  bar  stock  ClOlO;  6.66  inches 
long  and  varying  from  4.14  inches  to  2.25  inches  in  diameter.  The 
antenna  also  forms  a  part  of  the  gas  seal  to  keep  propellent  gases 
from  entering  the  rear  body  (DWG  AA-44-898,  Reference  1). 

c.  Support,  casing  -  Used  to  mount  the  HE  warhead  and  consists  of  a 
ring  10.46  in'-jes  in  diameter  with  a  boss  for  transmission  of  set¬ 
back  from  the  rear  body.  The  support  has  eight  mounting  lugs  which 
when  mated  with  the  lugs  on  the  warhead  transmit  the  warhead  launching 
accelerations  to  the  body  (DWG  AA-44-899>  Reference  1). 

d.  Windshield  -  Fibrous  glass  mats  for  reinforcing  plastics,  and  resin, 
low  pressure,  laminating,  type  I,  specification  MIL-R-7575  (CWG  AA- 
44-897,  Reference  1). 

e.  Warhead  Assembly  -  A  pearlitic  malleable  iron  ball  with  8.96-inch 
outside  diameter  euid  8.11-inch  inside  diameter.  The  warheads  were 
subjected  to  a  heat -treatment  process  that  gave  a  minimum  yield  of 
50,000  psi.  Each  warhead  was  loaded  with  I6.33  pounds  of  composition 
B  explosive  (Ammunition  Lot  No.  PA-E-30299J  DWG  AA-44-918,  Reference 
2). 


The  projectiles  used  for  fragmentation  testing  were  incomplete  and  did 
not  include  the  fin,  shroud,  setting  dial,  option  switch,  and  tactical  fuze. 

The  following  materiel  was  used  in  this  test: 

a.  Three  body  assemblies  for  Projectile,  Atomic,  Practice, 

Spotting,  XM39O  for  fragmentation  tests  only,  ammunition  Lot  No. 
PA-E-30478. 
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to.  Three  pearlitic  malleahle  iron  warheads  for  projecti.lc,  .U'.J  o,, 
annnunitlon  Lot  No.  PA-E-302y9- 

c.  Three  Fuzes,  PD,  M51A5,  modified  for  static  firing,  no  lot  number. 

d.  Three  Blasting  Caps,  Electric,  Type  II. 


3.  DEDAIIS  OF  TEST 


3.1  (U)  Facilities 

A  rectangular  arena  arranged  around  the  ammunition  was  used  for  the 
fragmentation  test.  The  arena  was  divided  into  a  recovery-surface  area  of 
180®  and  a  velocity-target  area  of  l80°. 

The  fragment -recovery  area  consisted  of  a  wooden  structure  containing 
1|-  by  8-foot  by  l/2-inch  sheets  of  conjvocitj  on  wallboard  placed  upright  to  a 
depth  of  4  feet.  This  wallboard  .  1  '.mI.  ■:  n^o  10°  zones:  annular  zones 
from  0°  to  45°  and  135°  to  l60°j  v  ■  <•  •••  •..  .  von  45°  to  135°  (zone  1,  0° 

to  5°J  zone  2,  5°  to  15°J  zone  3  1./  ;<■  i^f-ure  l).  The  perpendicular 

distance  from  the  center  of  gravity  •.  ;v,-  o'. c ti lo  to  the  composition  wall- 

board  at  0°,  90°,  and  l80°  was  2o.2Y  Hci.  (see;  Hgure  l).  In  addition,  two 
boxes,  4  by  8  by  3  feet  in  depth,  were  filled  with  composition  wallboard  and 
placed  outside  of  the  test  arena.  One  was  placed  at  the  nose  end  or  0°,  and 
the  other  at  the  base  end  or  l80°,  both  35  feet  from  the  center  of  the  test 
setup.  These  recovery  boxes  were  used  to  obtain  additional  data  from  the  nose 
and  base  fragments.  This  was  acccaiplished  by  subtending  the  arc  of  both  zone 
1  “on  the  nose  box  and  zone  I9  on  the  base  box,  making  it  possible  to  recover 
a  better  sample  of  fragments  that  had  penetrated  the'  wallboard  in  these  two 
zones.  Figures  1,  2,  and  3  show  a  plan  view  and  photographs  of  a  typical 
fragmentation  test  setup. 

Two  180°  vertical  walls,  8  feet  hi^  and  6  Inches  apart,  with  vertical 
supports  placed  at  4-foot  intervals,  comprised  the  fragment-velocity  setup. 

The  outer  wall  contained  24  sheets  of  duralumin,  each  4  by  8  feet  by  0.020  inch 
thick  with  the  outside  surface  painted  black,  and  gridded  into  2-foot  horizontal 
sections  and  I9  zones  vertically,  corresponding  with  the  zones  gridded  on  the 
wallboard.  Figures  4  and  5  shcr^  velocity  target  gridding.  The  perpendicular 
distance  from  the  center  of  the  ammunition  to  the  duralumin  at  0°,  90°,  and 
180°  was  24  feet.  The  inner  wall  of  the  setup  was  composed  of  0.002 -inch 
aluminum  foil  used  as  a  reflector  for  the  number  22  flashbulbs  which  were 
placed  at  intervals  between  the  walls  (nine  bulbs  for  each  4-  by  8-foot  target 
area).  These  flashbulbs  were  timed  to  reach  their  maximum  brilliance  when  the 
fragments  perforated  the  velocity  targets.  Flashbulbs  were  also  placed  around 
the  outside  of  the  arena  to  illuminate  the  velocity  targets  so  that  a  record 
of  the  gridding  would  be  visible  on  the  high-speed  film.  The  flashbulb  function 
was  synchronized  by  means  of  an  electric  sequence  timer  which  assured  that  the 
outside  bulbs  would  be  out  before  the  fragments  struck  the  velocity  targets. 


4 


SECRET 


Figure  2  -  S1;<-001-1385-7-1T/CRD-60:  Typical  View  of  Test  Setup, 
Shoving  Zoning  for  Fragment  Recovery. 


Figure  3  -  SI8-OOI-I385-7-2T/CRD-6O;  Typical  View  of  Test  Setvq?, 
Shoving  Various  Stages  of  C(»ipletlan. 
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Figure  4  -  SI8-OOI -1385-7 -^T/CRD-60:  CJeneral  View  of  Velocity  Targets 
Showing  Gridding. 


Figure  5  -  SI8-OOI-I385-7-3T/OBD-6O:  General  View  of  Velocity  Targets, 
Showing  Gridding. 
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In  order  to  ottaln  additional  InfonMtlon  on  velocity  levela  of  the 
steel  and  alualmm  fragnents,  tvo  recovery  boxes,  each  8  by  «  by  3  feet  in  depth, 
filled  with  eoaq^sitlon  vallboard  euid  faced  vith  a  sheet  of  0.(^-lneh  duralueln 
painted  black,  were  placed  on  top  of  the  recovery  setup,  one  at  and  the 
other  135°  froB  the  nose  of  the  projectile.  Itaese  velocity-recovery  boxes  were 
used  to  correlate  the  recovered  fTacpaents  vith  their  respective  velocities  for 
Round  3  only.  However,  insufficient  data  were  obtained  to  add  any  Infonnatlon 
regarding  distribution  (see  Analytical  laboratory  Report,  Appendix  B). 

Four  hledi -speed  notion-picture  cameras  operating  at  a  qpeed  of  approxi¬ 
mately  10,000  frasBS  per  second  and  eq]aipped  with  trtqfxsacY  standazds  and  elec¬ 
tronic  timing  devlees  were  positioned  around  the  targets  to  photograph  both  the 
detonation  of  the  projectile  and  the  impact  of  fragsents  on  the  velocity  targets. 
To  record  the  Instant  of  detonation  for  zero  time,  the  caaeras  were  focused  on 
the  shell  throufdi  the  viewing  holes  in  the  velocity  teurgets.  Views  of  the 
flashbulb  reflectors  and  cardboard  cylinders  in  position  are  shown  in  Figures  4 
and 


QFM  dO-16,  Volume  IV  contains  further  details  of  flashbulb  installation 
and  velocity  neasurenent  technique . 

A  rlchochet  stop  was  provided  for  both  the  recovery  area  and  the  velocity 
targets  to  prevent  fragments  that  struck  the  ground  frco  ricocheting  into  the 
recovery  or  velocity  panels.  QFM  70-90,  Volume  I,  contains  other  details  on 
fragmentation  procedtire. 


3.2  Procedure 

(U)  The  projectile  and  cooqponent  peurts  were  weighed  and  the  recorded 
weights  are  shown  in  Table  I. 


'Cable  I  (s).  Projectile,  Atoolc,  279Haa;  Practice, 
Spotting,  XM390,  Lot  No.  PA-E-30478 


Roxind 

No. 

Warhec^ 

No. 

Veleiit 
Varhead 
Metal 
Parts,  lb 

Weight 

Antenna 

Assenibly, 

lb* 

Veicdit 

Fuze 

M51A5 

(Mod), 

lb 

Weight 
Weight  Casing 

Explosive  Support 
Coemosltion  and  Body 
B.  lb  lb* 

Weifdit 

Windshield, 

lb* 

1 

PA-64-59 

27.60 

5.85 

1.50 

16.63 

10.73 

5.92 

2 

PA-65-59 

27.53 

5.85 

1-52 

16.47 

10.73 

5-92 

3 

PA-66-59 

27.53 

5.85 

1.50 

16.67 

10.73 

5-92 

^oolnEd  weights,  data  supplied  by  Picatlnny  Arsenal  (see  correspondence, 
Appendix  A). 


(U)  Each  projectile  was  assembled  with  Fuze,  PD,  M91A9,  modified  for 
static  firing,  and  placed  IndividueQly  on  a  wooden  pedestal  at  the  center  of 
the  setup.  Tte  pedestal  was  constructed  so  that  the  horizontal  centerline  of 
the  projectile  corresponded  with  the  horizontal  centerline  of  both  the  recovery 
boxes  and  velocity  targets.  The  nose  of  each  projectile  pointed  toward  the 
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edges  of  the  cooposltlon  vallhoard  and  velocity  targets  at  (fi.  The  projectile 
vas  detonated  by  using  a  blasting  cap^  electric^  type  II  Initiated  by  a  110- 
volt  power  source. 

(U)  After  detonation  of  each  projectile,  a  plot  of  the  position  of 
each  hit  In  the  duralumin  targets  was  recorded  on  graph  paper  and  correlated 
with  the  Image  of  hits  obtained  on  the  hl^-speed  film.  The  lndlvld\ial  frag¬ 
ment  velocity  vas  computed  fjrom  the  known  distance  of  the  shell  to  the  target, 
and  the  known  fracpoent  travel  time  obtained  from  the  hlg^-speed  film. 

(U)  The  fragments  that  Impacted  In  the  wallboard  were  located  by 
using  an  electronic  metal  detector.  They  were  then  recovered.  Identified  as 
to  sone,  cleaned,  velj^ied,  separated  according  to  t^e  of  metal  (steel  or 
aluminum),  axid  segregated  Into  weight  Intervals. 

(U)  A  sample  of  the  recovered  fragments.  Identified  by  zone  and 
weight  grovqps.  Is  shown  In  Figures  6  cuid  7* 

(U)  Tables  II,  III,  and  IV  Identify  the  fragments  by  zone  number, 
weight,  and  type  of  metal  for  each  weight  Interval. 


» 


Figure  6  -  S18-001 -1385-7 -6t/0RD-60  (s);  Recovered  Fragments  of  Projectile, 
279*i>B>,  XM39O,  Composition  B  Loaded,  Zones  1  to  11. 
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Figure  7  -  SI8-OOI-I385-7-5T/OTD-6O  (S);  Recovered  Fragments  of 

Projectile,  279“«®i>  XM390,  Cooiposition  B  Loaded,  Zones  12  to  19* 
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3.3  AaUyala  of  Data 

of  the  fragments  ms  obtained  bjr  using 


idiere 


%  1/3 

Vp  s:  photographic  velocity;  fps. 

r  =  distance  frm  projectile  to  target;  feet. 

air  °  representative  fragment  weight;  grains. 

a  =  ^  “2/3j  idiere  ^  is  the  fragment  shape  factor,  p  is  the 

air  denslly  in  gralns/inch^;  and  %  is  the  r^resentatlve  frag¬ 
ment  drag  ooeffideext. 

(tJ)  For  a  more  cooplete  and  detailed  dafinitian  see  Appendix  B. 

(tJ)  Since  no  separation  of  the  photographic  velocities  was  possible 
for  the  two  tTpes  of  metal;  the  initial  velocities  sere  cogqputed  nsing  the 
drag  characteristics  for  steel  fcagmants.  These  initial  velocities  were  then 
- considered  appOLicabla  to  both  the  steel  and  alnmimm  fragments. 

(U)  ^  initial  fragment  velocities;  and  the  density  of  fiagnents 
per  stexadian  fop  each  10-degree  increment;  are  shoiih  in  Table  7.  See  Flgtcre 
8  for  a  graph  of  density  and  initial  velod'^. 


TaMe  V  (S) .  Average  Fragment  Velocity  and  Density; 
Rounds  1;  2;  and  3 


Zone 

Degree 

Initisa 

Velocity; 

fps 

Density;  Fragments 
ner  SteradSen 
Steel  Almirimnn 

1 

0 

3300 

102^ 

a 

2 

3 

¥o 

2® 

tit 

a 

a 

4 

30 

4900 

44U 

a 

5 

40 

5050 

3032 

a 

6 

50 

5050 

2145 

a 

7 

60 

5300 

2239 

a 

8 

,9 

70 

80 

5450 

5350 

a 

192 

10 

90 

4900 

2095 

599 

U 

100 

5000 

2672 

1479 

12 

310 

4650 

2735 

2046 

33 

120 

5150 

4713 

1648 

14 

130 

6350 

8963 

1642 

15 

140 

6200 

34206 

4102 

16 

150 

5600 

14638 

5077 

17 

160 

4700 

23300 

4434 

18 

170 

3950 

14363 

2238 

19 

180 

3500 

8491 

698 

®No 

aloninun  fragments 

recovered  In  Zones  1  to  9( 

» 
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CU)  The  initial  velocity  (^o) 
the  foUcmiog  equation! 

-1 


Vo=-Vp 
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(U)  aM>le  VI  presents  the  nmber  and  vsight  of  flragneats  recovered. 
Table  VI  (S).  Actual  Fragsent  Reeovezy 


Steel  Kagmsnts  Alunliiiuai  Fragments 


Round 

Bb. 

Total* 

weight, 

BF 

Total* 

No. 

Average^ 

Weight, 

BX 

Total* 

Weight, 

BF 

Total* 

No. 

Average' 
Weight, 
BF . 

1 

623.25 

5366 

2.07 

21,224.33 

810 

2.87 

2 

54,876.13 

4047 

2.83 

20,638.44 

709 

2.65 

3 

55,824.79 

4984 

2.32 

20,423.91 

877 

2.06 

^Including  fragment  recovery  from  the  extra  nose  and  base  boxes  placed  at  33 
feet. 

°nie  average  steel  fragment  vel^dits  were  determined  by  excluding  large  fuze 
and  antenna  pieces  which  did  not  breedE  up.  From  all  three  rounds  one  large 
fuze  fragment  wel£^ng  approximately  4^00  grains  was  recovered.  From  rounds 
1  and  2,  one  large  piece  of  the  antenna  weighing  38>500  grains  was  recovered, 
and  from  round  3  two  large  pieces  with  a  coshlned  weight  of  40,515  grains 
were  recovered. 

°Ihe  average  aluminum  fragment  weights  were  determined  by  excluding  one  large 
fragment,  weighing  approximately  18,750  grains,  from  all  rounds.  This  frag¬ 
ment  was  from  the  rear  part  of  the  projectile  body. 

(U)  Hhble  VII  presents  the  Integrated  fragment  data. 


Table  VII  (S).  Integrated  Recovery  Data 


All  Fragments 

Excluding  large  Fragments 

As 

Inte¬ 

No. 

Inte¬ 

No. 

Avg 

Rd 

Fired 

grated 

of 

Per  Cent 

grated 

of 

Frag 

No. 

Wt,  lb 

Frags 

Recovery 

Wt.  lb 

page 

Steel  Fragments 

1 

3^>93 

28.28 

59,860 

80.9 

22.05 

59,858 

2.58 

2 

34.90 

27.16 

47,937 

77.8 

20.95 

47,935 

3.06 

3 

34.68 

28.68 

59,‘HO 

82.7 

22.36 

59,407 

2.63 

Aluminum  Fragments 

1- 

10.73 

8.93 

11,164 

83.2 

6.23 

11,163 

3.90 

2 

10.73 

7.64 

10,476 

71.2 

4.96 

10,475 

3.32 

3 

10.73 

7.44 

12,099 

69.4 

4.78 

12,0^ 

2.77 
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(tj)  lOable  Vin  presents  tbe  integrated  data  sealed  to  100  per  cent 
recovery. 


Rouxtd 

No. 


1 

2 

3 

Average 


1 

2 

3 

Average 


Table  VIII 

(S).  Integrated  Data  Scaled  to 

100  Per  Cent  Recovery 

Scaled 

Weight  Scaled 

Average  Fragment 

No.  of 

Excluding  Large 

Weight  Excluding 

Fragments 

Fragments,  lb 

Steel  Fragments 

Large  Fragments,  gr 

73,986 

27.25 

2.58 

61,598 

26.92 

3.06 

71,826 

27.04 

2.63 

69,137 

27.07 

Aluminum  Fragments 

2,74 

13,419 

7.48 

3.90 

14,708 

6.97 

3.32 

17,447 

6.90 

2.77 

15,191 

7.12 

3.28 

(U)  The  total  ntnnber  of  fragments  produced  was  determined  by  the  follow^ 
Ing  equation: 

H  =  2  TT  Cr^  (O)  SIS  Q  cIq 

where £7^ (O)  -  Scaled  number  of  fragments  per  unit  solid  angle  (Steradian). 

O  -  Angle  from  axis  of  shell  as  measured  from  the  nose.  See 
Table  V  for  fragment  density  per  steradian. 

(u)  Table  IX  presents  the  per  cent  of  weight  and  number  of  the  scaled 
fragments  (100  per  cent)  for  each  weight  Interval  based  on  the  averages  of  all 
three  rounds. 


Ihble  IX  (S).  Per  Cent  of  Weight  and  Number  of  the 
Scaled  Fragments  for  Each  Weight  Interval 


Steel  Fragments 

Aluminum  Fragments 

Weight 

Per  Cent 

Per  Cent 

Average 

Per  Cent 

per  Cent 

Average 

Interval, 

of 

. 

Weight, 

of 

of 

Weight, 

gr  . 

Weight 

Number 

gr 

Weight 

Nuaber 

gr 

0-1 

4.84 

69.56 

0.25 

4.13 

66.10 

0.31 

1-2 

3.85 

9.48 

1.43 

2.85 

9.98 

1.42 

2-5 

8.51 

9.42 

3.18 

6.89 

10.31 

3.30 

44 


SECRET 


SECRET 


St— 1  FrtBatnta  Alqdnai  rrwatg 


Isii^t 

Far  Cent 

Per  Cent  Average 

Per  Cent 

Far  Cent  Average 

Interval, 

of 

of 

laight. 

of 

of 

Viigibb, 

gr 

iBlght 

Number 

gr 

Weight 

Number 

gr 

5-8 

6.79 

3.75 

6.38 

4.67 

3.66 

6.31 

8-10 

3.74 

1.48 

8.94 

3.57 

1.95 

9.02 

10-15 

7.50 

2.18 

12.12 

5.02 

2.06 

12.06 

15-20 

5.88 

1.21 

17.22 

4.08 

1.19 

16.93 

20-25 

4.97 

0.78 

22,36 

5.14 

1.12 

22.68 

25  -35 

7.19 

0.87 

29.29 

10.00 

1.7L 

28.88 

35-50 

5.75 

0.49 

41.10 

10.14 

1.19 

42.00 

50-60 

3.43 

0.23 

53.55 

2.50 

0.24 

52.58 

60  -  70 

3.53 

0.19 

64.55 

2.62 

0.20 

65.75 

70-80 

2.22 

0.11 

73.92 

2.55 

0.17 

75.69 

80-90 

1.00 

0.04 

84.41 

90-100 

1.83 

0.07 

92.36 

2.15 

0.12 

90.74 

100  -  125 

1.37 

0.04 

110.84 

125-150 

0.95 

0.02 

136,35 

150  -  200 

2.18 

0.05 

167.22 

200  -  250 

0.91 

0.02 

208.25 

250  -  300 

0.04 

a 

255.00 

300-400 

0.07 

384.00 

400-500 

0.39 

429.95 

500  -  750 

0.42 

650.06 

750  -  1000 

0.35 

789.86 

Over  1000 

22.30 

18,822.02 

33.69 

0.01 

18,751.70 

Combining 

the  Height  intervals 

of  250  grains  and  above , 

the  total  number 

of  steel  fxegments  is  0*012  per  cent* 


(S)  Die  tabulaticn  of  Tables  VIII  and  IX  shORS  that  an  exbiremely  large 
number  of  fragments  results  from  this  projectile.  From  an  average  of  three 
rounds^  70  per  cent  and  66  per  cent  of  the  steel  and  aluminum  fra^nts , 
respectively,  are  in  smallest  mei^t  Interval,  0  to  1  grain.  This  hi^ 
percentage  cf  fragments  accounts  for  only  4  to  5  per  cent  of  the  total  irai^t 
of  both  steel  and  altaninuni.  It  is  also  in  this  eel^t  interval  that  the 
difference  of  approximately  11,000  fragments  occrirs  betmeen  the  number  of 
steel  fragments  for  Round  2  and  that  of  the  other  tmo  rounds.  The  naniber  of 
fragments  excluding  fragments  in  the  0  to  1  grain  eel^t  Interval  is  given 
in  Table  Z. 

Table  Z  (S) .  Scaled  Naniber  of  Fragments ,  Excluding  Fragments 
in  0  to  1  Grain  Wei^t  Interval 


Round 

Steel 

Fragments 

Aluminum 

Fragments 

Nianber 

Number 

Per  Cent 

Number 

Per  Cent 

1 

19,516 

26.4 

4327 

32.2 

2 

21,144 

34.3 

5488 

37.3 

3 

22,480 

31.3 

5635 

32.3 

Average 

21,048 

30.4 

5150 

33.9 
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4.  (S)  CONSLIBKnB 


It  is  OOPOludxi  tlMltS 

a.  Projectilty  279Hniiy  X1090«  CoBQ)OBitioii  B  loaded^  will  porodnoe  an 
avaxaga  of  69*137  steal  fkagnants  altli  avaimga  aalg^it  of  2»74  gzains 
aod  an  arsxaga  of  15*191  aimrijnmii  fnigmaxits  alth  ut-avaraga  aali^t 
of  3.28  grains*  alth  a  mean  initial  ^alooltr  at  ASn(>  feat  par  sacood 

b.  Savantsr  par  cast  of  tba  total  number  of  scaled  steel  fragnants  aara 
in  the  aal^t  interval  of  0  to  1  grain,, 

c.  Six^^ix  per  cent  of  the  total  number  of  scaled  alindnum  fxagtnsnts 
aare  in  the  aaight  interval  of  0  to  1  grain. 

d«  A  lethality  stu^sr  is  being  condocted  by  IfeapooQS  Systems.  laboratozy, 
StI  and  the  results  Kill  be  included  in  their  report. 

5.  (S)  RSCCnOlENDATiaNS 

In  Tiers  of  the  high  number  of  smell  fragments  (0  to  1  grain)  produced 
by  the  pearlitlc  nellsable  iron  aarheads  further  stuc^  should  be  coodacted 
using  another  explosiTe  fill, era  Since  the  brisance  cf  TNT  is  less  than  that 
of  ConpositlQn  B  *  it  is  x«conmended  that  the  aarhead  be  tested  using  TNT  as 
an  eaploslTB  filler. 


SUBlUTTEDs 

T. 

j.  T,  naiPBBr  ^ 
Ordnance  Technician 

REVIEiEUs 


Chief*  Tendnal  Effects 
and  S]^cial  Projects  Branch 


B.  BRCHN 

Chief  >  Infantry  and 
Aircraft  Weapons  DlTlslon 


APIRCTEDs 


H.  A. 

Assistant  Deputy  Director 
for  Bngineesrlng  TSstdng 
DervelopoBBt  and  ^oof  Services 
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ORONANCB  CORPS 
PICATINNY  ARSENAL 
DOVER,  NEW  JERSEY  Ir. 


APFBIOIEX  A 
CorrQqpcndenoc  ^ 

E.  QBxrlecea/aa/Tffff 


IN  BWLT 
iimTOi 

rai<niA^^^|^ABOR  AMO  ■NaiNBUINO  LABORATOmU 


KTg  <69 


SUBJECT!  Projectile,  Atotnlo,  Z791M,  Practice,  Spotting,  Xl'i390, 
(Project  TH2-8051)  (C) 


TOt  Coniaanilng  General 

Aberdeen  Proving  Ck'ound 
Aberdeen,  liaryland 

AITEifflOHi  ORBCG-DP-TI,  lir.  M.  Raabe 

(C)  1.  It  Is  requested  that  complete  fragmentation  data  be 
obtained  for  the  XI 1390  Projectile  at  various  heat  treat  conditions 
on  the  malleable  Iron  warhead.  Three  projectiles  are  furnished  In¬ 
corporating  warheads  of  70,000  psi  mininun  yield,  three  of  50,000  pal 
minimum  yield  and  two  each  of  ^,500  psl  minimum  yield.  THe' desired 
data  should  Include  fragment  velocity,  fragment  mass  and  spatial 
distribution.  Tlds  data  should  be  segregated  by  heat  treatment  in 
order  to  evaluate  the  effect  of  lieat  treat  on  lethality,  fragment 
velocity  is  expected  to  be  in  the  order  of  6,000  ft. /sec. 

(U)  2.  It  is  desired  that  the  Analytical  Laboratory  oversee  the 
test  procedure  and  set-up.  Further,  It  Is  desired  that  the  Analytical 
Laboratory  reduce  the  data  obtained  and  put  the  Information  In  a  form 
acceptable  to  the  Weapons  Systems  Laboratory  of  the  BolUstlo  Research 
Laboratories. 

(u)  3.  The  Weapons  Systems  Laboratory  of  BRL  is  requested  to 
calculate  the  lethality  of  each  of  the  three  heat  treat  conditions 
based  on  the  fraguientatlon  data  furnished. 

(u)  4>  The  average  metal  ports  weight  of  the  iiarhead  alone  is 
approximately  27  pounds;  the  charge  is  16,33  pounds  of  Composition  B, 
The  actual  measured  metal  parts  vielght  onl  charge  v/elght  will  be  in¬ 
cluded  on  data  cards  which  will  accompany  the  shipment. 

(C)  5.  Drawing  No.  AA-44-929,  Inclosed,  shows  the  complete 
projectile  assembly.  Only  the  outer  envelope  of  the  projectile  will 
be  used;  l.e,,  only  those  components  affecting  fragment  velocity  or 
distribution.  Also  Inclosed  is  Drawing  AA-44-9211  the  warhead 
loading  assembly. 
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0RDBB-TE5 

SUBJECTi  nrojeotile,  Atomio.  279MM,  IVaotloei  Spotting,  XM390 
(Project  TIG-8051) (C) 

(U)  6.  Funds  for  this  work  are  available  at  yo\ir  Proving  Qround 
on  Project  TN2.8051,  OlS  Code  #5530.12.533AD.12. 

(S)  7.  Since  this  Item  is  part  of  the  Davy  Crookett  program, 
test  scheduling  and  data  reduction  should  be  conducted  as  soon  as 
possible  In  accordance  with  the  high  priority  assigned  to  this  program. 
It  Is  desired  that  notification  of  the  test  date  be  furnished  at 
least  three  days  In  advance  of  the  test  to  permit  attendance  by 
Interested  ^senal  persoiuiel. 

FOR  the;  C0MM&M)E»t 


/i  Zncls 

1.  Dwg.  Ho.  AA-44-929  (C) 

2.  Dug,  No.  AA-4^921  (u) 

CCi 

APG,  QRDBG-IMPS  w/o  Imcls 
Analj^lcal  lab 
IPG,  ORDBG-BRL  w/o  Incls 
Weapons  Systems  lab. 
08VUC  v/o  Incls 
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CONFIDENTIAL 


confiMntial 


ORONANCB  OORFS 


PICATINNY  ARSENAL 

DOVER.  NEW  JERSEY  Ifr.  EBarrieree/Bs/6208 


nr  amrut 
unmTOi 
FBUMAl 


M-UtlABOB 

TES 


Am  wtanranim  labobatobiw 


•M14RS-3PM 


SUBJIiXSTi  Welfjhte  of  Components  of  Zt'1390  Ifbragmentation  flrojeotilas 


TO  I  Cotnmandln"  General 

Aberdeen  hrovlng  Ground 
Aberdeen,  Mar^dond 

ATTBiTIOIIi  ORDDG-DP-TI,  M.  Raabe 

1.  In  accordance  to  your  request,  forwarded  are  the  component 
vwlghts  of  the  .'Q'1390  fraf^iientatlon  test  projectiles,  lot  number 
PA-E-3Q478.  Actual  measured  weights  were  not  recorded  for  the  shell 
components  so  that  the  v/eights  supplied  are  nominal  weights  for  each 
oomponent.  Individual  serialized  vjelghts  are  supplied  for  the  war¬ 
heads  metal  parts  assembly,  loaded  \jarhoad,  and  assembled  projectile, 

2,  It  id.ll  be  noted  t!iat  vielghts  are  supplied  for  those  eonn 
poneuts  of  the  incomplete  projectile  as  supplied  for  testing.  Not 
included  were  the  Fin,  Shroud,  Setting  Dial,  OiJtlon  Switch,  and 
Tactical  Fuze, 

Shell  ComiTonent  Weirrhtsi 

Windshield,  AA-4A-897  5.92# 

Antenna,  including  Retaining  Nut,  AA-44^901  -  5*85# 

Casing  Support,  AA-44-899  3,35# 

Body,  AA-44-931  ?.38#' 

;  Serialized  Warhead  Weights! 

Warhead  s/n  PA-64-59- 
Metal  Forts  (unloaded) 

Loaded  Warhead 

Comp.  B  charge  (by  dlfforanoe) 

Total  ftrojoctile  Weight* 


Warhead  s/n  PA-65-59 

Mstal  Parts  27,53# 
Loaded  Warhead  44*  8^ 
Comp.  B  charge  16.47# 
Total  ft:ojeotlle  Weight*  66,80* 


27.6# 

44.23# 

16,63# 

66.5# 


*lt'oJectile  Weight  measured  with  lifting  plug  installed  in  warhead. 


OllUBi5-a’B5 

iiUDJIJCTj  l/elghts  of  Coi.iixuicnto  of  I3i390  I^ragrioiitetion  Projectiles 


Wai’licad  s/n  IAhCiS-59 

^:etal  Parts  27.33«' 

Loaded  ’tehoad  44*  00^ 

Comp.  D  cliarge  16.67^ 

Total  Projoctllo  Weight*  65.90# 
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Project  WO. ;  THa-805l/l00 

Prepared  for;  Bonb  &  FTagnentatlon  Branch,  Inf  &  Acft  Ifpns  Oiv 


(U)  IRIROmiCnQN 

A  static  fragmentation  test  was  conducted  to  obtain  velocity,  mass  and 
spatial  distribution  of  fra^aents  for  the  279am,  XM390  nroJectUe.  three  rounds 
were  tested  for  this  purpose,  these  rounds  were  Cooqp  B  loaded  and  had  warheads 
of  pearlltle  malleable  Iron  with  a  yield  strength  of  90,000  pel.  Also,  the 
rounds  were  tested  without  the  fin  assembly,  this  report  discusses  the  procedure 
used  to  obtain  the  data  and  presents  the  data  In  the  form  regulred  by  EDVAC  for 
lethality  studies. 


(U)  BRSCRliTZON  OF  tEST  ARENA 

A  square  fragmentation  arena  was  used  for  this  test.  In  this  arrangeswat, 
the  recovery  area  consists  of  4  ft  by  6  ft  sheets  of  cellotex  stacked  to  a 
suitable  depth  and  placed  In  a  rectangular  pattern  from  0°  to  IBO**  as  measured 
from  the  nose  to  the  base  of  the  shell,  the  other  side  of  the  arena,  also 
rectangular,  was  used  for  velocity  measurement,  the  velocity  panels  consist  of 
4  ft  by  6  ft  sheets  of  0.020  Inch  dural  with  pbotoflash  bulbs  mounted  behind  theai 
for  backlighting,  arid  aluminum  foil  to  serve  as  a  reflection  surface. 


Since  the  shell  Is  symmetrical  about  its  axis,  the  fragmentation  character¬ 
istics  are  assumed  to  be  ^imetric,  l.e.,  the  fragment  velocity,  density,  and 
spatial  distribution  bbtalnsd  from  one  region  are  assumed  to  be  equlval^  to 
those  of  the  symmetrically  located  region.  Because  of  the  possibility  of 
irregular  shell  brea]t>i9  in  the  nose  and  base  aresis,  recovery  boxes  were  placed 
outside  the  velocity  targets  at  the  nose  and  base  ends. 


the  recovery  area  was  divided  into  angular  Intervals  or  zones,  niaabered 
1  through  19,  from  the  nose  to  the  base  of  the  shell.  Stones  1  and  19  covered 
the  angular  Interval  0^  to  9^  and  179^  to  respectively,  as  measured  from 
the  axis  of  the  projectile.  Zones  2  through  IB  covered  the  angle  from  9*  to  179^ 
for  each  Interval  of  10^.  the  extra  recovery  boxes  were  placed  at  the  nose,  to 
recover  tragssnts  In  areas  symmetric  to  Zones  1  and  2,  and  at  the  ba«e  to  recover 
fragnents  la  areas  syoaetrle  to  Zones  18  and  I9.  the  rounds  for  this  test  were 
located  with  the  base  (antenna)  directed  toward  iBCP* 


the  velocity  panels  were  also  divided  Into  zones  corresponding  to  those  of 
the  recovery  area,  to  aid  la  locating  hits  on  the  film  for  velocity  measuruments, 
horizontal  lines  2  feet  spart,  were  painted  on  the  panels. 
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A  slntoh  of  the  test  arena  Is  sboim  in  Figure  1,  Inelosore  1* 

(U)  FROCEDURB  FOR  COLLBCTIRO  DASA 

Weight  of  ftfagaenbs 

After  each  round  was  detonated,  the  fragoents  vei«  recovered  fron  the 
eellotex,  located  with  regard  to  zone >  separated  according  to  type  of  metal  (steel 
or  aluminum),  and  weighed  to  an  accuracy  of  1^  or  a  minimum  of  0.01  gralxxs. 

Velocity  of  Fragments 

Ble^  speed  cameras  (apptoxlinately  10,000  frames  per  second)  weza  positioned 
so  as  to  view  the  dured  targets.  The  flashes  of  the  fraonent  Impacts  on  the 
dural  ware  then  recorded  on  the  film  record  along  with  a  mlUlseeond  time  beuw. 

The  flashbulb  backlighting  provided  an  additional  source  of  light  and  made  possible 
the  recording  of  Impacts  that  were  produced  by  fragments  with  velocities  too  low 
(less  than  approximately  1700  fps)  to  produce  a  flash.  The  baekllcditlng  also 
provided  more  even  illumination  of  each  perforation  then  that  nomally  obtained 
from  isqpeot  alone.  The  photographic  velocities,  Vp,  were  determined  from  the 
time  of  flight  for  eaoh  fragment  and  the  known  travel  dlstaxioe.  These  distances 
from  surface  of  nhell,  to  the  target  were  calculated  In  such  a  that  the 

error  in  the  travel  distance  was  less  than  1^.  The  velocities  were  then  grouped 
Into  the  same  angular  Intervals  as  the  fragment  weight  data. 

A  detailed  description  of  the  methods  used  in  eolleeting  and  reducing 
fragmentation  data  is  contained  In  Report  No.  ])&F8/lllse/306  dated  September  19$9. 

(U)  REDUCTION  OF  DATA 


Initial  Velocity  of  Fragments 


The  Initial  velocities,  Vo,  of  the  fragments  for  eaoh  angular  Interval  were 
obtained  from  the  equation 


▼o 


where 


a  ■  12  r?/3  I  K  ,  j 


7^ 


The  parameters  needed  to  evaluate  Vq  by  this  relation  wore  obtained  as 
foUows: 
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Vp  >  Riotographlo  velocity  (fpa)  Is  the  usdlaa  of  tbe  velocities  for  eeeh 
sons.  These  velocities  were  detemlasd  hy  the  relation  r/t  where  r  was  the 
travel  dlstsBCC  cad  t  was  the  tine  of  flight. 

Ka  -  The  value  of  (Drag  eoeffleleot)  ■  .64  was  oibtalasd  hy  detexvlalng 
aa  average  value  for  K&  over  the  range  of  fraejaent  velocities.  1^  as  a  funetltin 
of  Mach  nuniber  for  a  particular  shaped  frasnent  was  obtained  froa  BO*  Report 
HO.  H-91?« 

p  m  por  air  density  a  standard  value  of  .304332  gralns/la.3  (etandard  at 
APO)  was  adjusted  to  conditions  at  the  tine  of  firing  hy  using  the  relative  air 
density  obtained  fron  the  Meteorological  Section,  Developnenb  and  Proof  Servlees. 

K  -  The  fra0ttent  shape  factor  was  detemdned  fron  the  relationship 
where  m  Is  the  fragtaent  vel^i  In  grains  and  A  Is  the  average  presented  area  of 
the  fragment.  A  sample  of  steel  and  aluminum  fragments  was  selected  frem  the 
fragaented  rounds  and  the  presented  areas  were  measured  hy  means  of  the  Icosahedren 
gage  at  BRL.  Prom  a  least  square  fit  of  M  and  H,  values  of  719  and  ^$6  were 
determined  for  K  for  steel  and  aluminum  fragnents,  respeetlv^. 

avf  -  The  representative  fragment  weight  was  determined  aa  the  fTagawnt  welcdit 
cosrespondlng  to  the  median  of  the  number  of  fragments  recovered  but  the 

heavy  fragnsnbs  and  those  In  the  0>1  grain  Interval. 

Humber  and  Detmlty  of  Fragment s 

The  scaled  total  nunftwr  of  steel  and  aluminum  fragments  for  ea^  round  was 
calculated  from  the  sealed  fragment  densities  obtained  from  the  recovery  data. 

The  total  nuniber  of  fragments  H  was  calculated  hy  the  equation 

H  8  Sfr'  /  cr'  (0)  sin  e  d  0 


where  0  Is  the  angle  from  the  nose  end  of  tbe  shell  aads  and  O'  (0)  Is  the  sealed 
number  of  fraoaents  per  unit  solid  angle  for  each  10^  Interval.  The  term  "scaled" 
refers  to  aa  adjustment  of  data  based  on  the  percent  of  recovery. 

(U)  RESULTS 

The  calculated  results  are  tabulated  for  each  round  and  for  the  ttirss  Tounfl 
average  la  Zaelosure  2.  The  data  are  arranged  la  tbe  form  required  hy  the  DVAO 
code  for  the  easputatlea  of  lethal  areas.  The  fragment  sprey  density,  and  the 
asdlaa  Initial  velocity,  To>  ■>«  given  for  each  10^  Interval  from  0^  to 
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She  aean,  m,  of  the  fra^Miit  velfifhte,  in  each  veii^t  interval  and  the  ratio,  q, 
of  the  nuBd)er  of  fragiiente  in  each  weight  interval  to  the  total  of 

freoaents  in  the  angular  interval  an  given  for  each  weic^t  and  *ngiii*y  interval. 

It  should  he  pointed  out  that  the  values  of  velocity,  density,  etc.  that 
are  tehulhted  for  each  angular  interval,  were  eogqputed  from  data  obtained  for  a 
given  angul^  width.  Therefore,  these  are  considered  to  be  average  values 
applicable  at  the  midpoint  of  each  angular  interval,  i.e.,  values  given  for 
0  ■  600  were  derived  from  data  obtained  from  0  -  55*  to  ©  =  65®. 

Graphs 

Graphs  of  the  pertinent  data:  distribution  of  fragment  weight  and  nuidwr, 
density,  and  velocity  are  presented  in  figures  2-10,  Inclosure  1. 

(S)  DISCUSSION  OP  RESULTS 


The  following  table  shows  the  weight  data  supplied  by  Picatinny  Arsenal  for 
the  three  rounds. 


Weight  in  Pounds 


Rd 

Wo. 

Warhead 
Netal  farts 

£}qplosive 

filler 

Antenna 

Assentblya 

Casing 
Siqyport 
&  Body® 

Wind¬ 

shield® 

Total 

1 

27.60 

16.63 

5.85 

10.73 

5.92 

66.50 

2 

27.53 

16.47 

5.85 

10.73 

5.92 

66.60 

3 

27.33 

16.67 

5.85 

10.73 

5.92 

65.90 

fuse*' 

1.50 

1.52 

1.50 


^ominal  weights 

^Modified  N5IA5  fuze  supplied  by  APG 


Two  types  of  metal,  steel  and  aluminum,  wen  primarily  involved  in  the 
fragments  of  these  rounds,  for  the  weight  of  the  steel  in  each  round,  the  weights 
of  the  warhead  metal  parts,  antenna  asseadoly  and  fuse  were  coid>ined.  R)r  the 
aluminum  components,  the  easing  support  and  body,  the  weigit  shown  above 

was  used  for  all  three  rounds.  The  windshield  was  non-metalllc  appeared  to  be 
a  molded  plastic  with  cord  reinforcing,  lo  reduction  of  data  was  performed 
involving  the  wixidshield. 
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The  veleht  and  number  of  fragnente  aetually  recovered  are  as  foUovs: 


Aetual  Recovery  Data 


Steel  Fragments 

Aluminum  Fragments 

Rd. 

Total 

Total 

Ave  Vrt,® 

ToEil 

Total 

Ave  Wt 

Mo. 

Wt,_gr 

MO. 

gr 

Wt,  gr 

No. 

gr 

1 

54623.25 

5366 

2.07 

21224.33 

810 

2.87 

2 

54876.13 

4047 

2.83 

20638.44 

709 

2.65 

3 

55824.79 

4984 

2.32 

20423.91 

877 

2.06 

*The  average  steel  fragment  weights  were  determined  by  excluding  large  fuze 
and  antenxta  i>arts  which  did  not  break  up.  Por  all  three  rounds  one  large 
fuze  fragment  weighing  approximately  k$00  grains  was  recovered.  For  Rounds 
1  and  2,  one  large  piece  of  the  antenna  weighing  approximately  36,500  grains 
was  recovered  and  for  Round  3  two  pieces  of  antenna  with  a  combing  weight 
of  1^,515  grains  were  recovered. 

Vche  average  aluminum  fragment  weights  were  determined  by  excluding  one  large 
fragnent  weighing  approximately  lfi,750  grains  for  all  rounds.  This  fragment 
was  from  the  rear  part  of  the  body  around  the  antenna. 

Integration  of  the  actual  recovery  data  to  account  for  complete  fragmentation 
data  (360^  around  the  axis  of  the  shell)  resulted  In  the  values  given  In  the 
following  table. 


Integrated  Recovery  Data 


All  FTags 

Excluding  Large 

Frags*^ 

Rd. 

Total 

No.  of 

Total 

MO.  of^ 

Ave  rteg 

Mo. 

a 

FTags 

Vt.  lb 

Frags 

g 

Steel  Fragments 

1 

aB.2S 

59,860 

22.05 

59,658 

2.58 

2 

3 

27.16 

ad.68 

47,937 

59,410 

20.95 

22.36 

47,935 

59,407 

3.06 

2.63 

Alualnsa  Fragments 

1 

8.93 

11,164 

6.23 

11,163 

3.90 

2 

7.64 

10,476 

’4»96 

3*32 

3 

7.44 

12,099 

4.78 

2.77 

*8ee  notes  a  and 

b  above. 
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Since  slnllar  large  fragments  were  recovered  for  all  rounds  for  both 
the  aluminum  and  steel,  the  recovery  percentages  vere  computed  using  the 
above  total  Integrated  velghts.  All  irounds  were  then  "scaled"  or  adjusted 
to  100  percent  recovery.  The  recovery  percentages  and  scaled  data  are  presented 
for  each  round  and  the  average  of  the  three  rounds  In  the  following  table.. 


Steel  Fra/?jncnts 

Aluminum  Framents 

Rd 

As -fired 

Percent 

Scaled 
No.  of 

Ave  Frag 

As -Fired 

Percent 

Scaled 
No.  of 

Ave  Frag 

Ho. 

Wt.  lb 

Recovery 

Frags 

Wt.  er 

Wt.  lb 

Recovery 

FroRB 

Wt.  gr _ 

1 

34.95 

80.9 

73,906 

2.58 

10.73 

83.2 

13,419 

3.90 

2 

34.90 

77.8 

61,598 

3.06 

10.73 

71.2 

14,708 

3.32 

3 

34.68 

82.7 

71,826 

2.63 

10.73 

69.4 

17,447 

2.77 

Ave 

34.84 

80.5 

69,137 

2.74 

74.9 

15,191 

3.28 

The  above  tabulation  shows  that  an  extremely  high  number  of  fragments  results 
from  this  projectile.  However,  from  the  plot  of  the  percent  of  weight  and  nuodier 
of  fragments  versus  weight  Interval,  Figures  k  and  5,  Znclosure  1,  It  can  be  seen 
that  for  the  average  of  the  three  rounds  and  6^  of  the  steel  and  aluminum 
fragments,  respectively,  are  in  the  smallest  weight  Interval,  0-1  grain  but  that 
these  high  percentages  of  fragments  account  for  only  4-5^  of  the  total  weight  of 
both  steel  and  aluminum.  It  Is  also  In  this  weight  Interval  that  the  difference 
of  approximately  11,000  fragments  occurs  between  the  number  of  steel  fragments 
for  Bound  2  and  that  for  Boiinds  1  and  3.  A  con^arlson  of  the  number  of  fragments 
excluding  fragments  In  the  0-1  grain  weight  Interval  is  given  below. 


Scaled  Number  of  Fragoents 
Excluding  Fragments  In  0-1  Grain  Weight  Interval 


Rd  Steel  Fragments  Aluminum  Fragments 


No. 

Number 

Percent  of  Total 

Number 

Percent  of  Total 

1 

19,519 

26.4 

4327 

32.2 

2 

21,144 

34.3 

5488 

37.3 

3 

22,I«8o 

31.3 

5635 

32.3 

Ave 

21,048 

30.4 

5150 

33.9 

Reference  to  the  plot  of  accumulated  nunber  of  all  fragments  versus  angle 
0,  Figure  8,  Inclosure  1,  shows  further  that  the  differences  In  steel  fragments 
for  Round  2  occurred  In  the  rear  part  of  the  projectile  for  an  angle  0  from 
approximately  120°  to  l6o°. 
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The  differences  in  the  nvnlber  of  alvBlnua  freenents  for  each  rmind  eonld  not 
be  resolved  by  elininatlng  the  0-1  grain  fragaents.  It  agppeared  that  there  vere 
tvo  areas  of  Irregular  break  up  contributing  to  these  differences;  one  at 
approxlnately  llO^  and  the  other  at  approximately  l6o°* 

The  fragment  densities  are  plotted  for  the  Individual  rounds  and  the  average  of 
the  three  rounds.  Figure  3,  Znclostire  1.  These  plots  shov  the  hlf^est  densities 
to  be  In  the  rear  section  with  the  maximum  value  for  steel  fraguents  at  an  angle 
of  l6o°  frcm  the  fuze  end  of  the  round,  and  1$0^  for  the  alvsilnum  fra^aents.  To 
shov  the  effect  of  the  small  fragments  (O-l  grain),  densities  were  cooputed  and 
plotted  excliidlng  these  small  fragnents.  Figure  4,  Inclosure  1.  These  charts 
shov  that  the  greatest  effect  of  the  0-1  grain  fragments  on  density  occurred  at 
the  fuze  end,  from  approximately  0^^  -  10*^  for  the  steel  fragsents  and  to  an  even 
greater  degree,  from  approximately  130°  -  180°,  for  both  steel  and  aluminum* 

Since  no  aluminum  fragsents  vere  recovered  from  approximately  0°  -  70°,  this 
Indicates  that  the  aluminum  body  probably  caused  secondary  breaktg  of  the  steel 
fragnents  from  the  warhead. 

In  obtaining  fragment  velocities,  there  was  a  slight  Indication  of  a  bimodal 
distribution  of  the  photographic  velocities  from  approximately  120°  -  1^°, 
presumably  due  to  the  presence  of  steel  and  aluminum  fragments.  In  an  att^t  to 
obtain  more  Information  on  velocity  levels  of  the  tvo  types  of  fragnents,  extra 
velocity  panels  (4  ft  x  8  ft)  %rere  placed  above  the  comer  sections  of  the 
recovery  area,  l.e.,  at  angles  of  and  135°  for  Round  Ho.  3.  These  panels 
vere  Installed  with  cellotex  behind  them  to  enable  recovery  of  the  fragments 
perforating  the  dural  sheets,  thus  providing  Msociatlon  of  the  fragment  type 
and  weight  with  velocity.  However,  Insufficient  data  vere  obtained  to  add  any 
Infonnstlon  about  the  aforementioned  bimodal  distribution. 

For  the  extra  panel  at  133°#  1^4  perforations  vere  recorded,  of  idilch  84 
vere  Identified  with  steel  fragronts  and  7  vith  aluslnum  fragments,  with  the 
end  result  that  velocities  vere  obtained  for  36  steel  fragments  and  only  2 
aluialnum  fragments.  Nevertheless,  while  the  data  from  the  extra  pcuoels  did  not 
enable  separation  of  steel  and  aluminim  fragnent  velocities,  the  data  substantiated 
the  vide  dispersion  of  photographic  velocities,  approximately  2500  fps  (3000-5^ 
fps)  encountered  on  the  nozmal  velocity  panels  for  the  corresponding  an^e  and 
further  showed  that  this  dispersion  of  velocities  was  occurring  with  the  steel 
fragnents.  The  small  nuaiber  of  alminum  fragnents  identified  for  the  extra  panel 
was  apparently  due  to  the  Inability  of  the  aluBdnm  fragnents  to  perforate  the 
shell  of  dural. 

For  the  extra  velocity  panel  at  45°,  only  steel  fragments  vere  recovered.  The 
total  number  of  perforations  for  this  panel  was  43,  for  which  30  fragnents  vere 
recovered.  Velocities  vere  obtained  for  27  Vf  these  fragnents*  The  velocity 
results  for  this  panel  also  substantiated  the  velocity  dlspersl(Mi  occurring  with 
the  corresponding  nozmal  velocity  targets* 


B-7 


SECRET 


SECRET 


6o-AL-3*^ 

6 

Since  no  separation  of  the  photo^aphlc  velocities  was  possible  for  the 
two  types  of  metal,  the  Initial  velocities  were  computed  using  the  drag  char¬ 
acteristics  for  steel  fragments.  These  Initial  velocities  were  then  considered 
applicable  to  both  steel  and  aluminum  fragments.  This  method  appeared  most 
practical  In  view  of  the  configuration  of  the  round  In  which  the  explosive 
charge  was  confined  by  the  steel  warhead  with  aluminum  body  several  Inches 
away  from  the  charge. 

In  con^iutlng  the  Initial  velocities,  the  representative  fragment  weight, 
mj.,  was  computed  as  the  fragment  weight  corresponding  to  the  median  of  the 
number  of  fragments  recovered  after  tabulating  the  weight  data  by  weight  Intervals 
and  excluding  fragments  in  the  0-1  grain  weight  interval  and  a  few  large  fra^aents. 
While  the  xisual  procedure  for  determining  the  representative  fragment  weight  is 
to  compute  the  fragment  half -weight  for  each  zone,  the  computed  fragment  half -weights 
for  these  rounds  were  relatively  large  and  appeared  to  represent  a  much  lower 
number  of  fragments  than  the  number  of  velocities  obtained  for  each  zone.  The 
values  of  my  thus  determined  by  finding  the  median  of  the  modified  number  of 
fragments  recovered  were  influenced  very  little  by  any  one  fragment,  and  exhibited  less 
variation  from  zone  to  zone,  than  the  v^ues  obtained  using  the  fragment  half -weight 
method.  For  all  three  rounds  the  values  of  m^.  used  In  computing  Initial  velocities 
varied  from  1.60  to  10.00  grains. 

To  Illustrate  the  difference  In  representative  fragment  weights  obtained  by 
the  two  methods,  the  data  from  Round  3,  iione  6,  (angular  Interval  45°  -  55°)  aire 
given.  In  this  zone,  73  steel  fragments  of  which  4?  weighed  less  than  1  grain, 
were  recovered,  and  41  velocities  were  read  from  the  film.  Use  of  the  fragment 
half -weight  method  resulted  in  a  weight  of  21.18  grains  for  mj-  as  compared  to  a 
weight  of  4.45  grains  obtained  by  the  method  based  on  the  number  of  fragments. 

Since  only  five  fragaonts  weighed  20  grains  or  more.  It  was  felt  that  this  weight 
did  not  represent  those  fragments  for  which  velocities  were  obtained.  Computation 
of  Initial  velocity  using  these  two  weights  would  result  in  a  difference  of 
approximately  700  fps  (l.e.  5550  and  4850  fps  for  4.45  21.18  grains,  respect¬ 

ively)  . 

In  determining  the  number  of  fragments  N(m)  for  the  entire  round  greater  . 

than  weight  (m)  according  to  tfott's  Law,  It  was  found  that  the  relation  N(m)  vs  a^/3 
produced  a  better  fit  than  N(m)  vs  mV2  for  the  steel  fragments.  The  resulting 
equation  for  the  steel  fragments,  Logio  N(m)  =  4.943  -  .61723  nJ-ZS,  was  determined 
excluding  fragments  greater  than  400  grains  which  amounted  to  considerably  less  .than 
lj(  of  the  total  number,  see  Figure  9,  Inclosure  1.  The  above  equation  agrees  with 
the  observed  values  very  well  for  weights  from  1  to  400  grains,  hut  gives  values 
too  high  for  fragments  weighing  less  than  1  grain. 


A  similar  relationship  was  determined  for  the  edumlnum  fragments.  Figure  AO, 
Inclosure  1,  and  Is  expressed  by  the  equation  M(m)  =  4.201  -  .51053  b^/3. 

nils  equation  agrees  well  with  the  observed  results  of  m  from  0-50  grains. 
Fragments  weighing  more  than  50  grains,  for  which  the  equation  gives  values  too 
high,  were  not  used  In  determining  the  above  equation. 
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(S)  CONCUJBIQNS 

Based  on  the  results  of  this  test  the  subject  XX-39O  ProJeotUe,  Coav  B 
loaded  having  a  pearlitlc  malleable  Iron  warhead  of  $0|000  pal  yield  strength, 
will  produce  approximately  70,000  uteel  fre^poents  end  19,000  aluainua  fraowats 
of  which  approximately  70^  of  each  type  will  be  fragments  welt^ilag  less  than 
one  grain. 
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Incl  1 

Figure  1  -  Sketch  of  Fragmentation  Arean  (ip) 

Figure  2  >  Plots  of  Initial  Velocity  vs  Angle  (Ip) 

Figure  3  &  ^  ~  Plots  of  FTa^sent  Density  vs  An^e  (^) 

Figure  9  &  6  -  Graphs  showing  $  Weight  and  lumiber  vs  WOi^t  Interval  (^) 
Figure  7  -  Plot  of  Scaled  Integrated  lumber  vs  Angle  (Ip) 

Figure  6  -  Plot  of  Aceunulated  Nuabtf  vs  Angle  (ip) 

Figure  9  A  10  -  Plots  of  l(m)  vs  viH'i  (2p) 
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